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Description 



The so-called viscose method of producing dissolvable cellulose is generally used in the manufacture 
5 rtZ^ZTl Ce " Ul « Se ,' Accordi "9 to this method ' aIka » -Mute- h Prepared and is reacted wTh cafbon 
fin P J ° !°i m u cellulo . se xanthogenate. The cellulose xanthogenate may be dissolved in alkali solution 

dr sul nh1^M«H d in b ^ i Predpltati ? n in film ° r . fibre f ° rm t0 a 9 3in bec ° me cel,u,ose - However, me carbon 
disulphide used in this process is an extremely toxic substance and many attempts have been made to find 

a substitute chemical to replace the carbon disulphide. The substitute ideally would be sufficiently 
economical for large scale use and would not cause the detrimental environmental and health effects of 
to carbon disulphide. However, no commercial method or process has as yefbeen developed 

Finnish patent application No 793226 (Finnish Patent No 61033) discloses a process for the 
manufacturing of an alkali-soluble cellulose compound without using carbon disulphide or any other 
environmentally harmfu chemicals. In this method cellulose is heated with urea in an organic liquid in 
aSSJLT " * ubstar ! t,a,, Y ' n ! oluble - The ce ""'°se carbamate, which is the reaction product, is s<Se n 
alkal. and can be precipitated from the solution in fibre or film form. However, although this method results 
in a degree of solub.l.ty of fibres which is sufficient for large scale spinning, the need tTuse o JanS 

puriSion of waste C wateT USeS nUmer ° US Pr ° blemS ' 6Xample connection with recover/ and 
It is therefore desirable to find an alternative to the use of organic liquids or solvents which can 

S^'b t0 H n K!* at l6aSt 38 9 °° d 35 that r8SU,ti "9 from the P rocess ° f ^ir,g the organic 
solvents. In accordance with the present invention, an alkali-soluble cellulose derivative is produced by the 
reaction of cellulose with urea at elevated temperature by treating the cellulose with urea dissolved in 
liquid ammonia. It seems the ammonia penetrates into the cellulose along its crystalline elements and 
carries along with it the dissolved urea. The ammonia is removed, for example simply by evaporation, and 
the cellulose containing the urea is heated to a temperature sufficiently high for reaction between the 
cellulose and the urea, thus forming alkali-soluble cellulose carbamate. The present invention thus 
provides a method for the manufacture of alkali-soluble cellulose carbonate from cellulose and urea which 
does not require the use of organic solvents. 

Furthermore, the present invention provides for the production of cellulose carbamate by the reaction 
of cellulose and urea by a method which does not require the use of organic solvents and which provides 
alkali solubility, as measured by the clogging number of the solution, which is as good as or better than the 
cellulose carbamate produced by the reaction of cellulose with urea in the presence of organic solvents 
The present invention not only avoids the need to use organic solvents but also permits simple 
recovery of all unused reactants so as to provide an economical and environmentally satisfactory process 
The present invention comprises treating cellulose with liquid ammonia having urea dissolved therein 
at a temperature below the reaction temperature of the cellulose with the urea, to cause distribution of the 
urea throughout the cellulose, removing the ammonia at a temperature below the temperature of reactors 
between cellulose and urea, and heating the cellulose and urea at a temperature sufficiently high to cause 
reaction between the cellulose and the urea to thus form the desired cellulose carbamate 

When urea is heated to its melting point or to a higher temperature, it begins to decompose, forminq 
isocyanic acid and ammonia. Isocyanic acid is not a particularly stable compound and it tends to become 
tr.mer.zed into isocyanuric acid. Further, isocyanic acid also tends to react with urea, whereby biuret is 
formed. Isocyanic acid also reacts with cellulose, producing an alkali-soluble cellulose compound which is 
called cellulose carbamate. 
45 The reaction may be idealized as follows: 
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Cellulosic— OH+HNCO-»Cellulosic — O — CO — NH, 



The thus produced compound, cellulose carbamate, may be dried after washing and stored even over 
prolonged periods, or it may be directly dissolved in alkali solution. From this solution may be made for 
example, ceMulose carbamate fibres by spinning, in like manner as in the viscose manufacturing process 

The stability of cellulose carbamate and the feasibility of its transport in dry state afford a qreat 
advantage compared with the cellulose xanthogenate of the viscose process, since the latter cannot be 
stored or transported, not even in solution form. The manufacture of cellulose derivatives with the aid of 
urea has been known in the art for a long time. Thus, US patent No 2,134,825 discloses a process for 
manufacturing a soluble cellulose derivative from cellulose and urea. According to this process, cellulose 
fibres are steeped in a sodium hydroxide solution of urea. The water is removed by evaporation and the 
cellulose is heated to cause reaction between the cellulose and the urea 

However, the product produced by the method of US patent No 2,134.825 is only partly soluble in 
alkaline solutions. The solutions contain considerable amounts of insoluble fibre fragments, which impede 
the filtering of the solutions and prevent the spinning of fibres which is accomplished by passinq the 
?i° ° U J ? h nOZZ ! 6S haVing sufficient| y sm all holes. An attempt was made to improve the solubility by 

the addition of zinc ox.de to the sodium hydroxide solution of urea. However, the results are unsatisfactory 

The method of the present invention provides for uniform distribution of the urea throughout the 
cellulose. It .s believed that the poor solubility of the cellulose compound produced by the method of 
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dee^^pr^ 

upon decomposition of the urea, when J Hw ureaanac eimio Because of the uniform degree of 

T t,SL S I . MM .bovi or below tbe boiling point of the ommonia. The on y 
matter which alternative is used, l - e - I ™ im «" 4 T" tpmn p ra ture is that the solubility of urea in ammonia 
significance with reeooct « " .^TaeSSancTw » the preseniinv.ntion to .ffectthe 
" ^^"c^wTb^CJ fa^SS tb. ore. e, a « P mp=r,,ur. o, between about 

^%u1Xtr£. in .be emmonia can be s.locted vrftMn "gZSSZ 

" s? sSgS.;^^^^^ sK " e ,s norma " v 

on th. atpoping conditions. 1, .general the »^^>J^^JX^ta^b™»^ 
i^'-ffKS". a^SS 'SS^SSTSTSL are favoorebly ef.ec.ad « suba.nrosph.nc 
P „ea^w!;Sby 9 .be NH, ths, is fomred is .huanapl* - l ^ a ^ m .XrSoSc»nbew 8 ebsdonce 

or ^^jsrs^^^^^h^xs^ 



50 

pressure 



io 



15 



20 



25 



0 057 105 

process in its inherent state, or in bfeached condition, as cellulose hydrate alkali cellulo^ or i n * f„ rm 

have a high viscosity and therefore such solutions are obtained wherein the celfufose content shoufd £S! 
3n?S V OW - US 'r n9 ce,, " ,os « where *° degree of polymerized 

solutions can be manufactured which have a correspondingly higher cellulose content The deaTeTof 
polymenzation of the cellulose used as starting material can be rigulated, for exempli by treatina thJ 
cellulose in 18% sodium hydroxide solution. Through the influence of air, depolymeSion of ie ceffiose 

. th ' S ^ ^ nte rP ted at the d ^ired degree of polymerization by wash ng wrth water and 
drying. Cellulose wh.ch has been treated and dry-decomposed in this manner is highly suitable for use as 

K n w J",,* 8 P rocedure ° f the inventfon - The invention is described in greater deSl in the 
deS o? Samples ** " meant '° be Hmited to 

solubyiJTe C Te , rtinert t : he eX3mP ' eS ' the fo,,owin g information concerning the characteristics of cellulose 
«. i?<T e m °u St im ,P ortant characteristics of cellulose solubility which is relevant in fibre spinnina is 

2l25 SS? 2 ? 6 u 'L U L OS !- F ^ terabilit y is described «" the examples by the so-called c aging number 

is usS hSS El .5™ ?525i p ja * u ft <1962> - No - 5 - p - 295 - 300 - ln the method a m * iature f i,tar 

sysMrssia 5^3-.^ f,,ter matena ' being Ma ^-^ mn «■ p^- ^ 
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where: 

P 20 =cellulose quantity (in g) passing through the filter in 20 min. 
P 60 =cellulose quantity (in g) passing through the filter in 60 min 
K w 20>60 =clogging number. 

Example 1 

Derivative cellulose, which had been split up with the aid of alkali to DP level 300, was neutralized with 
acetic acid and washed with water, dried and beaten in a hammer mill. 40 g of cellulose thus treated were 
impregnated at -40°C in 500 ml of liquid ammonia, in which had been dissolved 36 g urea 

The cellulose was kept in this solution below the boiling point of ammonia for 6 hours, whereupon the 
temperature was raised to room temperature. The ammonia having boiled off, the urea cellulose was 
placed m a vacuum at 135°C for 3 hours. Throughout this time an air flow produced by a wate r jS^S 
was passed through the oven. ' 

• 7** r8action , Produj* w a s washed with methanol, three times with water, and once with methanol. The 
air-dry product had a degree of polymerization (DP) of 341 and nitrogen content 1.7%. The product was 
S^ll n - ^ aquaou ? solution containing 10% NaOH, and 2% ZnO. Endeavours were made to 

« SK.?hT V,S °™* ° 6 about i 50 seconds. The clogging number Kw 20 , 60 was found to be 1485. The 

45 solution had a cellulose content of 5.5%. 

Example 2 

-*K^n r n 6 ^ atCh8S °- f ~ ,lu L° se (30 9 eacn > treated a s described in Example 1, were impregnated at -40°C 
with 500 1 ml ammonia in wh.ch had been dissolved, respectively, 11.1, 22.2 and 33.3 g urea, whereby molar 

5.5, a 6 C and 1 hours* ^ 3 ' reSpeCtively ' were attained ' The impregnating periods were, respecSty 

The temperature of each cellulose batch was raised to room temperature after the impregnating step 
and the ammonia was allowed to evaporate. The cellulose batches were thereafter placed in a vacuum 
oven and kept 3 hours at 136— 137°C. 

55 J he , b3tCh !; S ° f carDamate thus obtained were washed after the reaction with methanol, three times 
with water and one more t.me with methanol. The degree of depolymerization (DP) and nitrogen content 
of the products were measured. In solvent tests, the carbamate batches were dissolved in a solution 
containing 10% NaOH and 2% zinc oxide. Endeavours were made to adjust the viscosity of the soluttons to 
the 50 second level. The results are stated in the Table 1 below: 
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TABLE 1 



Cellulose 





Batch 


DP 


N,% 


Clogging number 


Viscosity 


% 


5 


1 


341 


1.7 


1485 


50 


5.5 




2 


420 


1.2 


1545 


54.6 


4.8 




3 


410 


1.2 


1425 


50.8 


4.8 


w ■ " 
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The low clogging numbers indicate that the solutions are highly suitable for spinning. 
Der^atl^cellulose which had been split up with alkali to DP level 300 was neutralized with acetic acid 
LTd ^i^this solution atYhe boiling point of ammonia below -33°C during 3 to 6 hours whereafter the 

divine FuAhelorZ*. nitre.,.,, content end the solubility expressed by the elogg.ng number 
25 *tS 3™,^ tbel— d ,?rr„ d e m p,oyed. end ,be eberaetedstle, o, the peoduet. 
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Example 


DP 


TABLE 3 
Reactants 
Urea: Impregnation 
cellulose time (h) 


Reaction 
Temperature Time 
(C) (h) 




3 


300 


3 


6 


140 


6 


35 


4 


300 


3 


6 


145 


5 




5 


300 


2 


6 


140 


4.5 




6 


300 


2 


6 


145 


4.0 


AO 


7 


300 


3 


3 


150 


4.0 








TABLE 3 (cont'd) 






45 


Product 
Example 


DP 


Characteristics 
N, 
(%) 


K w 


Viscosity 
(sec.) 


Cellulose 
(%) 




3 


230 


3.2 


850 


81 


8.0 


50 


4 


240 


2.6 


970 


80 


8.0 




5 


240 


2.5 


960 


95 


8.0 




6 


240 


2.6 


880 


75 


8.a 


55 


7 


240 


2.0 


1440 


81 


8.0 
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^ AsTnLample 3, derivative cellulose was split down to level DP 300 and ^^^JgfS^A 
^ e uL with J: ter and dried. 440 g cellulose thus treated were impregnated at -40 C with 500 ml 
washed with water anc > anea. w _a i , urea . ce || U | 0se ratio 3:.1). The cellulose was impregnated with 

had DP 260, nitrogen content 2.1%. and clogging number of 815. determined in 10/o NaOH at 5 u. tne 
viscosity of the solution was 96 sec and the cellulose content. 8.0 /o. 
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Claims 

1. A method of producing an alkali-soluble cellulose carbamate, which method comprises treating 
cellulose with a liquid ammonia solution of urea at a temperature below the temperature of reaction 
between cellulose and urea, to cause distribution of the urea throughout the cellulose, removing the 
ammonia at a temperature below the temperature of reaction between cellulose and urea, thereby 
obtaining cellulose having urea distributed therethrough, and heating the thus obtained cellulose with urea 
distributed therethrough to a temperature sufficiently high to cause reaction between the cellulose and the 
urea, thus obtaining an alkali-soluble cellulose carbamate. 

2. A method according to claim 1, wherein the cellulose is treated with the liquid ammonia urea 
solution at a temperature below -33°C. 

3. A method according to claim 1, wherein the cellulose is treated with the liquid ammonia urea 
solution under pressure at a temperature higher than the boiling point of the ammonia. 

4. A method according to any preceding claim, wherein the quantity of urea is between 20 and 120% by 
weight of the weight pf the cellulose. 

5. A method according to any preceding claim, wherein the ammonia is removed by evaporation. 

6. A method according to any preceding claim, wherein the cellulose having the urea distributed 
therethrough is heated to a reaction temperature of between about 110 and 150°C. 

7. A method according to claim 6, wherein the reaction is effected at subatmospheric pressure. 

8. A method according to any preceding claim, wherein the product alkali-soluble cellulose carbamate 
is washed with liquid ammonia at a temperature between about -40°C and +30°C. 



Patentanspruche 



R , 0 1, ,^ in Verfahren zur Herstellung eines alkaliloslichen Zellulosecarbamats, wobei das Verfahren die 
Behand lung von Zellulose mit einer flussigen Ammoniaklosung von Harnsioff bei ir^JSJS 
"tt b ?^ Rea ^^nnperatur zwischen Zellulose und Harnstoff zur Verteilung desHarnsS 
11 1 6 ' En ? e l T n 9 d * S A ™ mo ™ akS bei einer Tem P er ^ur unterhalb der RealaionstemperatuSschen 
ZelMose und Harnstoff, wodurch man Zellulose erhalt, die darin den Harnstoff verteilt aufwS unS 
Erh.tzen der so erha Itenen Zellulose mit darin verteiltem Harnstoff auf eine Temperatur! X fur d^ fifaktiCn 

bei einer jl^eZu^ ^ Ammoniak-Harnstoff.Lasung 

unJr S?,*?**™ Anspruch J; wobei dJe Zellulose mit der flussigen Ammoniak-Harnstoff-Losung 
unter Druck bei einer Temperatur hoher als der Siedepunkt des Ammoniaks behandelt wird 

und^»G^ AnSPrQCh6 ' W ° b6i Harnstoffmenge zwischen 20 

Evapora^ ^ ^ VOrher ^henden Anspruche, wobei das Ammoniak mittels 

^ 6 u Ein ty erfahr ^ n n f Ch einem der v <> rh ergehenden Anspruche, wobei die Zellulose mit dem darin 
verte.lten Harnstoff auf erne Reaktionstemperatur zwischen etwa 110 und 150°C erhitzt wird 

drucke! fiXS^ * ReaktFOn 6inem ° rUCk UntGrha,b des Atmospharen- 

-7 ii S t E ' n w Verfanre " , nac . h einem der vorhergehenden Anspruche, wobei das alkalilosliche 
Zeilulosecarbamatprodukt mit flussigem Ammoniak bei einer Temperatur zwischen etwa ^uJ+JJ 
g e wa s en en wi rd > 

Revendications 

1. Un precede pour la production d'un carbamate de cellulose soluble dans les alcalis, lequel nrocede 

SS^^J?^^ f 6 13 Ce,,UlOSe ^ Une S ° lution d ' uree dans ''ammoniac SeTuS 
temperature infeneure a la temperature de reaction entre la cellulose et I'uree, pour provoauer la 
distributor, de I'uree dans 'ensemble de la cellulose, ('elimination de I'ammonFao a une temporal e 
SSZS-*J!1 r^,^ de / 6acti ° n e " tre ,a ce,lu,ose * ''"*e. pour obtenir ainsi de la ce Se dans 
dTKJif SSS? 6 • • r6 K, eSt d, f tr,buee ' et e <*auffage de la cellulose dans I'ensemble de laqueUe 
de I uree est distnbuee a.ns. obtenue a une temperature suffisamment elevee pour provoquer la reaction 
entre la cellulose et I'uree, pour obtenir un carbamate de cellulose soluble dans les Sis 

i' am ™™- Pr r C ™ ' a revendication 1 dans 'equel la cellulose est traitee avec la solution d'uree dans 
I ammoniac liquide a une temperature inferieure a -33°C. 

3. Un proceed selon la revendication 1 dans lequel la cellulose est traitee avec la solution d'uree dans 
Tu™Tn dS s 1 ous I P resslon 1 4 une temperature superieure au point d'ebullition de ('ammoniac 
est autVr ™lt ?™°1 """-I ? ueiconc ' ue * s revendications precedentes, dans lequel la quantite d'uree 
est autre 20 et 120% en poids par rapport au poids de la cellulose. 
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5. Un precede selon I'une quelconque des revendic&tions precedentes dans lequel I'ammoniac est 

™ m !ft^^ quelconque des revendi cations precedentes dans lequel la cellulose dans 

rensemble de laquelle I'uree es? distribute est chauffee a une temperature de reaction entre environ 1 10 et 

15 °°7." Un procede selon la revendication 6 dans lequel la reaction est effectuee a une pression 
sous-atmosph^ qU elconque des revendications precedentes dans lequel le carbamate de 

cellulose ?3S£ dans Urn aicalis produit est lave avec de I'ammoniac liouide a une temperature entre 
to environ -40°C et +30°C. 
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